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$EVWUDFW
$V LQFLGHQW GHWHFWLRQ RQ D W\SLFDO EXV\ XUEDQ URDG OLQN RU LQWHUVHFWLRQ VWLOO GHPDQGV PRUH HIILFLHQW DOJRULWKPV WKLV SDSHU
LQWURGXFHVDPHWKRGRORJ\WKDWFDQEHXVHGWRFKDUDFWHUL]HWKHYDULRXVWUDIILFSDWWHUQVLQFLGHQWRUQRLQFLGHQWXVLQJW\SLFDOOLQN
SDVVDJHGHWHFWRUV2IIOLQHXUEDQLQFLGHQWVFHQDULRVDUHJHQHUDWHGXVLQJDPLFURVFRSLFVLPXODWLRQPRGHODVVXPLQJYDU\LQJWUDIILF
OLQNIORZVVLJQDOJUHHQSKDVHDQGF\FOHWLPHVOLQNOHQJWKV6LPLODUVFHQDULRVDUHDOVRJHQHUDWHGIRUQRQLQFLGHQWFDVHV7KUHH
GHWHFWRUVZHUH DVVXPHGRQHDFKOLQNWRH[WUDFW WUDIILFPHDVXUHV&RPSDUDWLYHQXPHULFDOVWDWLVWLFDODQDO\VHVZHUHFRQGXFWHG WR
LGHQWLI\ WKH WUDIILFPHDVXUHV VXFKDV WKH DYHUDJH VSHHGDQG IORZ WKDW DUH OLNHO\ WREH DIIHFWHGE\ WKH LQFLGHQWV$QG IXUWKHU
DQDO\VLVZDVFRQGXFWHGWRTXDQWLI\WKHPRVWSUREDEOHWKUHVKROGVWREHXVHGLQWKHSURSRVHGXUEDQLQFLGHQWGHWHFWLRQPRGHO7KH
SURSRVHG PRGHO LV YDOLGDWHG XVLQJ VLPXODWLRQ GDWD 7KH SHUIRUPDQFH RI WKH SURSRVHG PRGHO LV DVVHVVHG XVLQJ G\QDPLF
SHUIRUPDQFHLQGLFDWRUVVXFKDVWKHVXFFHVVUDWHRIGHWHFWLQJDQLQFLGHQWDWDVSHFLILFF\FOHWLPHDQGWKHIDOVHDODUPUDWH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$
.H\ZRUGV8UEDQLQFLGHQWGHWHFWLRQPRGHOGHWHFWRUDYHUDJHVSHHGUHJUHVVLRQGHWHFWLRQUDWHIDOVHDODUPUDWH
,QWURGXFWLRQ
+DQGIXOV RI UHVHDUFK KDYH EHHQ GHYHORSHG DQG LQFLGHQWV GHWHFWLRQV DOJRULWKPV IRU IUHHZD\V DQG XUEDQ
H[SUHVVZD\RUWXQQHOVDUHDOUHDG\WKHUHZLWKWKHFRPPHUFLDOWUDIILFFRQWUROV\VWHPV2QWKHRWKHUKDQGGHWHFWLQJDQ
LQFLGHQW RQ DQ XUEDQ URDG OLQN RU LQWHUVHFWLRQ LV YHU\ GLIILFXOW WR HVWLPDWH 8UEDQ URDGV DQG LQWHUVHFWLRQV DUH
LQWHUUXSWHG EDVLFDOO\ E\ FURVVURDGV HQWU\H[LW WRIURP WKH DUWHULDO OLQN SHGHVWULDQ FURVVZDON DQG WUDIILF FRQWURO
VLJQDOV\VWHPVZLWKLQYHU\VKRUWVSDFHDQGWLPHLQWHUYDOV7KHWUDIILFG\QDPLFVRIWKHUHFXUUHQWFRQJHVWHGXUEDQOLQN
DQG LQWHUVHFWLRQ LV YHU\ VLPLODU WR WKH VXGGHQ LQFLGHQW VFHQDULR7KLVPDNHV LWGLIILFXOW WRGLVWLQJXLVKEHWZHHQDQ
LQFLGHQWDQGQRQLQFLGHQWFDVHZLWKWKHUHODWHGWUDIILFSDUDPHWHUV$SSDUHQWO\WKHGHYHORSHGUHVHDUFKLQWKLVDUHDLV
QRWWKDWVLJQLILFDQWDQGWKHUHIRUHWKLVSDSHUVWULYHVWRILOOXSVRPHRIWKLVUHVHDUFKJDSV
7KLVSDSHUGHVFULEHVWKHGHYHORSPHQWRIDWKUHVKROGEDVHGRIIOLQHXUEDQLQFLGHQWGHWHFWLRQPRGHOWKDWWULHV
WRGHWHFW WKH LQFLGHQW VWDWXVRIHDFKDQDO\VLV WLPHVWHSRI WKH LQFLGHQWVRFFXUUHGRQD OLQNRI DSUHWLPHGVLJQDO
QHWZRUN+HUH WKH DQDO\VLV WLPH VWHS LV WDNHQ DV WKH F\FOH WLPHRI WKHGRZQVWUHDPVLJQDOL]HG LQWHUVHFWLRQRI WKH
VXEMHFWOLQN7KHXVHGDSSURDFK LVWRGHYHORSVRPHVLPSOH UHJUHVVLRQPRGHOVXVLQJ WKHH[WUDFWHGWUDIILFPHDVXUHV
GDWDIURPWKHIL[HGGHWHFWRUV
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/LWHUDWXUH5HYLHZ
0RVW RI WKH GHYHORSHG IUHHZD\ LQFLGHQW GHWHFWLRQ DOJRULWKPV FRXOG EH JHQHUDOO\ FDWHJRUL]HG LQWR VRPH
W\SLFDOJURXSVEDVHGRQWKHDGRSWHGDQDO\WLFDODQGKHXULVWLFWHFKQLTXHV'LIIHUHQWDOJRULWKPVHPSOR\GLIIHUHQWGDWD
UHTXLUHPHQWVSULQFLSOHVDQGFRPSOH[LW\>3DUNDQ\@7KHQRWDEOHIRUPVRIIUHHZD\EDVHGLQFLGHQWGHWHFWLRQ
PHWKRGRORJLHV DUH D FRPSDUDWLYH DOJRULWKPV E VWDWLVWLFDO DOJRULWKPV F WLPH VHULHV DOJRULWKPV G
ILOWHULQJVPRRWKLQJ DOJRULWKPV H WUDIILFPRGHOLQJ DOJRULWKPV I DUWLILFLDO LQWHOOLJHQFH DOJRULWKPV DQG J LPDJH
SURFHVVLQJ DOJRULWKPV +RZHYHU WR RYHUFRPH WKH LQKHUHQW GLVDGYDQWDJH RI WKH SRLQWEDVHG GHWHFWRUV WKH SUREH
YHKLFOHEDVHGDOJRULWKPV>6HUPRQVDQG.RSSHOPDQ+HOOLQJDDQG.QDSS@HPHUJHGWRGHWHFWLQFLGHQWV
EDVLFDOO\ RQ WKH XUEDQ H[SUHVVZD\ 7KH SUREHYHKLFOH FRXOG EH HTXLSSHG ZLWK VRPH *36 *OREDO 3RVLWLRQLQJ
6\VWHP$9,$XWRPDWLF9HKLFOH,GHQWLILFDWLRQ5),'5DGLR)UHTXHQF\,GHQWLILFDWLRQ'HYLFH&HOOXODURURWKHU
GULYHUEDVHGVHQVRUWHFKQRORJLHV
)RU WKH XUEDQ FDVH 7KRPDV  UHIRUPXODWHG WKH XUEDQ LQFLGHQW GHWHFWLRQ DOJRULWKP DV D PXOWLSOH
DWWULEXWH GHFLVLRQPDNLQJ SUREOHPZLWK %D\HVLDQ VFRUHV %XW WKH VXFFHVV RI WKLVPHWKRG GHSHQGV RQ WKH WUDIILF
VWDWXVGDWDVHWIURPKLVWRULFDOWUDIILFSDWWHUQIRUERWKOLQNDQGWKHGHWHFWRUVWDWLRQV+RZHYHUWKLV$,'DOJRULWKPGRHV
QRW FRQVLGHU WKH VWDWXV RI WKH DUWHULDO WUDIILF FRQWURO VLJQDO V\VWHP/HH HW DO  GHYHORSHG IX]]\ORJLF EDVHG
LQFLGHQWGHWHFWLRQDOJRULWKPWKDWRSHUDWHVLQDUHFXUVLYHPDQQHUZLWKWKHDYHUDJHRIWKHWUDIILFSDUDPHWHUVRIWKHODVW
PLQXWHV,WKDVDVFRSHWREHLQFRUSRUDWHGLQWRDUHDOWLPHWUDIILFDGDSWLYHFRQWUROV\VWHP+RZHYHUWKLVDOJRULWKP
LVGHYHORSHGRQO\IRUDGLDPRQGLQWHUVHFWLRQDQGWKHDSSOLFDELOLW\RIWKLVDOJRULWKPLVQRWLQJHQHUDOZLWKDQ\WUDIILF
FRQWURO V\VWHP DQG WKH OLQN W\SH =KDQJ DQG 7D\ORU  SUHVHQWHG %D\HVLDQ QHWZRUNPRGHO WKDW XSGDWHV WKH
LQFLGHQWSUREDELOLW\DWHDFKGHWHFWLRQLQWHUYDOWKURXJKWZRZD\LQIHUHQFHIRUDUWHULDOV7KHGHWHFWLRQUDWHDQGIDOVH
DODUP UDWH DUH QRW VHQVLWLYH WR WKH LQFLGHQW GHFLVLRQ WKUHVKROGV +RZHYHU WKH DOJRULWKP LV DSSOLFDEOH WR WKH
PDLQVWUHDPWUDIILFIORZRIWKHVLJQDOL]HGLQWHUVHFWLRQVZLWKSUHGHILQHGVLJQDOVHWWLQJVRQO\

/LXHWDOSUHVHQWHGD&8680&XPXODWLYH6XPDOJRULWKPEDVHGRQQRQSDUDPHWULFRSWLPL]DWLRQ
WHFKQLTXH DV LQFLGHQW GHWHFWLRQ DOJRULWKP IRU DQ XUEDQ H[SUHVVZD\ XVLQJ WKH SUREH YHKLFOH GDWD +RZHYHU WKLV
DOJRULWKPLVDSSOLFDEOHRQO\IRUWKHXUEDQH[SUHVVZD\QRWIRUDQ\W\SLFDOXUEDQDUWHULDOVWKDWKDYHLQWHUUXSWLRQVRI
WKHWUDIILFFRQWUROVLJQDOV+DZDVGHYHORSHGDOVRDQHXURIX]]\ORJLFLQFLGHQWGHWHFWLRQDOJRULWKPIRUXUEDQ
URDGQHWZRUN7KHDOJRULWKPLVLQWHJUDWHGZLWKDQLQFLGHQWPDQDJHPHQWPRGXOH7KHDGRSWHGDSSURDFKLVQHZIRU
WKH GHYHORSPHQW RI LQFLGHQW GHWHFWLRQ DOJRULWKP WKDW GRHV QRW UHO\ RQ µµUHDO GDWD¶¶ EXW UDWKHU LW FDQ EH IXOO\
GHYHORSHGXVLQJZHOOYDOLGDWHGµµVLPXODWLRQ¶¶PRGHOV+RZHYHUWKHVXFFHVVRIWKLVPHWKRGKHDYLO\GHSHQGVRQWKH
H[WHQVLYHGDWDVHW IRU WKHWUDLQLQJRIWKHQHXURIX]]\5HFHQWO\'LDDQG7KRPDVGHYHORSHGQHXUDOQHWZRUN
PRGHOV IRU DXWRPDWLF LQFLGHQW GHWHFWLRQ RQ DUWHULDO URDGV EDVHG RQ D GDWD IXVLRQ WHFKQLTXH WR DFKLHYH PRUH
LPSURYHPHQWRQW\SLFDOLQFLGHQWGHWHFWLRQUDWHXVLQJWKHVLPXODWHGORRSGHWHFWRUGDWDDQGSUREHYHKLFOHGDWD+HUH
WKH HPSKDVHV ZHUH WR HYDOXDWH WKH EHWWHU SHUIRUPLQJ QHXUDO QHWZRUN PRGHO W\SH DQG WKH ORRS GHWHFWRU
FRQILJXUDWLRQV

,Q VXPPDU\ DOO WKH GHYHORSHG IUHHZD\ RU XUEDQ LQFLGHQW GHWHFWLRQ DOJRULWKPV SULPDULO\ XVH VLPXODWHG
LQFLGHQW GDWD WR KDYH VRPH VSHFLILF WKUHVKROG YDOXHV RI VRPH WUDIILF YDULDEOHV IRU LQFLGHQW LGHQWLILFDWLRQ 7KH
WHFKQLTXHV DUH GLIIHUHQW LQ IRUPV RI HVWLPDWLRQ RI WKH UHOHYDQW SDUDPHWHUV 7KH SHUIRUPDQFH RI WKH DOJRULWKP LV
FRPSDUHGDJDLQVWHDFKRWKHUIRUWKHWKUHHSULPDU\NH\SHUIRUPDQFHLQGLFDWRUVOLNHGHWHFWLRQUDWH IDOVHDODUPUDWH
DQGPHDQWLPHWRGHWHFW,WLVWREHQRWHGWKDWWKHVHDOJRULWKPVH[FHSW+DZDVMXVWGHWHFWVRPHSHUFHQWDJHRI
WKH WRWDO QXPEHURI LQFLGHQWV WKDW RFFXUUHGGXULQJ WKH UHFRUGHGRU VLPXODWHG WLPHIUDPHDQG WKH LQFLGHQWPXVWEH
GHWHFWHGZLWKLQDVKRUWWLPHIUDPHH[DPSOHPLQXWHVFRQVLGHULQJWKHZKROHLQGLYLGXDOLQFLGHQWDVDVLQJOHGDWD
RQO\ +RZHYHU WKHVH DOJRULWKPV W\SLFDOO\ GR QRW DFFRXQW IRU WKH WUXH VWDUW WLPH RU WKH WHUPLQDWLQJ WLPH RI DQ
LQGLYLGXDOLQFLGHQWQRUWKHVHGRVKRZWKHLQFLGHQWVWDWXVRILQWHUPHGLDWHWLPHVWHSVRIDQLQGLYLGXDOLQFLGHQW$OVR
WKHVH DOJRULWKPVW\SLFDOO\GRQRWFRQVLGHU WKHHIIHFWVRI OLQNOHQJWKVKRXUO\ WUDIILFYROXPHDQG DVVRFLDWHGJUHHQ
WLPHDQGF\FOHWLPHRIWKHDSSURDFKLQJSUHWLPHGLQWHUVHFWLRQ
7KHUHIRUHWKLVSDSHUSUHVHQWVDQHZXUEDQLQFLGHQWGHWHFWLRQPRGHOWKDWGHWHFWVWKHLQFLGHQWVWDWXVRIHDFK
VLQJOHRSHUDWLQJWLPHVWHSLHF\FOHWLPHRIWKHGRZQVWUHDPVLJQDOXQGHUDVSHFLILFVLJQDOF\FOHWLPHOLQNOHQJWK
DQGWUDIILFYROXPHFRPELQDWLRQ7KHSUHVHQWHGPHWKRGRORJ\LVEXLOWRQWKHFRQFHSWXDODVVXPSWLRQWKDWWKHDYHUDJH
GHWHFWRUV¶ UHDGLQJV LQ WKH FDVH RI LQFLGHQW PD\ VLJQLILFDQWO\ YDU\ IURP WKH FRXQWHU UHDGLQJV LQ WKH FDVH RI QR
LQFLGHQW
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0HWKRGRORJ\
7KH DGRSWHGPHWKRGRORJ\ WKDW WKLV VWXG\ IROORZHG FRXOG EH VXPPDUL]HG DV D GHYHORSPHQW RI RIIOLQH
LQFLGHQW VFHQDULRVDFFRXQWLQJ IRUYDULRXVQHWZRUN FRQILJXUDWLRQV OLQNYROXPHV VLJQDOVHWWLQJVE\ VLPXODWLRQV E
FDUU\RQGHWDLOHGGDWDDQDO\VHVWRFDSWXUHWKHSDUDPHWHUVWKDWDUHOLNHO\WREHDIIHFWHGE\YDULRXVLQFLGHQWVFHQDULRV
F FDUU\ RQ GHWDLOHG UHJUHVVLRQ PRGHOV WR FRPH XS ZLWK VRPH LQFLGHQW VWDWXV SUHGLFWLQJ PRGHOV G FDUU\ RQ
YDOLGDWLRQWHVWVRIWKHSURSRVHGPRGHOV

([SHULPHQWDO6HW8SRIWKH,QFLGHQW0RGHOLQJ
$Q LQFLGHQW LVPRGHOHG KHUH DV DQ\ VLQJOH ODQHEORFNLQJ HYHQW WKDW SHUVLVWV DW OHDVW IRU PLQXWHV RQ D
W\SLFDOWKUHHODQHXUEDQDUWHULDOVLQWKHVLPXODWLRQPRGHOV/RQJHUWLPHLQFLGHQWVFRXOGEHGHWHFWHGHDVLO\DVWKHVH
PLJKWKDYHVRPHVLJQLILFDQWLPSDFWVRQWKHWUDIILFSDUDPHWHUVEXWWKHSULPDU\FKDOOHQJHLVWRGHWHFWWKHLQFLGHQWVRI
UHODWLYHO\VKRUWHUWLPHV7KHUHIRUHDVDVWDUWWKLVUHVHDUFKIRFXVHVRQDVLQJOHODQHEORFNLQJLQFLGHQWVRIPLQXWHV
PLQXWHV DQG PLQXWHV LQLWLDOO\$ W\SLFDO SUHWLPHG XUEDQ LQWHUVHFWLRQ QHWZRUN WKDW FRQVLVWV RI IRXU OLQNV RI
VLPLODU JHRPHWU\ DQG WUDIILF FRQGLWLRQV )LJXUH  ZDV VHOHFWHG DV WKH VFRSH IRU LQLWLDO XUEDQ LQFLGHQW GHWHFWLRQ
PRGHO GHYHORSPHQW EHFDXVH LW UHSUHVHQWV WKH VLPSOHVW FDVH RI D VLJQDOL]HG QHWZRUN +RZHYHU WKH LQFLGHQW ZDV
JHQHUDWHGRQO\RQDVLQJOHOLQNZLWKLQVRPHVSHFLILFWLPHSHULRG

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)LJ  $ VLJQDOL]HG SUHWLPHG LQWHUVHFWLRQ UHSUHVHQWLQJ WKH VLPSOHVW XUEDQ URDG QHWZRUN VKRZV IRXU DUWHULDO DSSURDFK OLQNV DOO GHWHFWRU
SODFHPHQWVDQGDVDPSOHUDQGRPO\JHQHUDWHGLQFLGHQWORFDWLRQRQWKHZHVWERXQGDSSURDFK

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,QFLGHQW'DWD'HYHORSPHQW
,Q WKH DEVHQFHRI UHDO ILHOGGDWDRI LQFLGHQWV LW LV D FRPPRQSUDFWLFH WRXVH VLPXODWLRQ GDWD WR JHQHUDWH
LQFLGHQWVFHQDULRV7KHUHIRUH1(76,0PLFURVLPXODWLRQZDVXVHGWRJHQHUDWHLQFLGHQWGDWDLQWKLVVWXG\1(76,0
KDV WKHFDSDELOLW\RIJHQHUDWLQJVRPHORQJWHUPHYHQWVRQVRPHGHVLJQDWHGODQHDWVRPHVSHFLILF WLPHIRUFHUWDLQ
GXUDWLRQV 1(76,0 SODFHV WKH LQFLGHQW UDQGRPO\ RQ WKH GHVLJQDWHG ODQH %XW WKH OLPLWDWLRQ LV WKDW LW KDV QR
FDSDELOLW\RISURGXFLQJDQLQFLGHQWDWDGHVLJQDWHGSODFH>@7KLVEHQFKPDUNVLPXODWLRQSURJUDPZDVDGRSWHGDVLW
LVRQHRIWKHEHVWDYDLODEOHPLFURVFRSLFVLPXODWLRQRIIVHOI$WOHDVWLQFLGHQWVZHUHJHQHUDWHGDWUDQGRPORFDWLRQV
RIODQHRIZHVWERXQGDSSURDFK)LJXUHIRUDVSHFLILFFRPELQDWLRQRIF\FOHWLPHOLQNOHQJWKDQGWUDIILFYROXPH
7KHGLIIHUHQFHDPRQJWKHILYHLQFLGHQWVPRGHOVLHZKHQWKHVHDUHJHQHUDWHGKRZORQJWKHVHODVWHGDQGRQZKLFK
ODQHWKHVHRFFXUUHGDUHDOOGHVFULEHGEULHIO\LQ7DEOH

,QFLGHQW'DWD$QDO\VLVDQG5HJUHVVLRQ0RGHOV'HYHORSPHQW
7KH GHWHFWRU GDWD ZHUH H[WUDFWHG IRU ERWK LQFLGHQW DQG QRQLQFLGHQW FDVHV IRU D VSHFLILF RSHUDWLQJ
FRQILJXUDWLRQ 7KH WHUP µRSHUDWLQJ FRQILJXUDWLRQ¶ UHIHUV WKH FRPELQDWLRQ RI D VSHFLILF F\FOHWLPH D VSHFLILF OLQN
OHQJWK DQG D VSHFLILF WUDIILF YROXPH WKURXJKRXW WKLV SDSHU 6RPH VSHFLILF WUDIILF PHDVXUHV RI LPSRUWDQFH ZHUH
FKRVHQWRGHYHORSVRPHUHJUHVVLRQPRGHOVWKDWJLYHWKHLQGLFDWLRQRIHLWKHUDQLQFLGHQWRUQRQLQFLGHQWVWDWXVRID
VLQJOHDQDO\VLVWLPHVWHSRIWKDWRSHUDWLRQDOWUDIILFKRXU7KHµ,QFLGHQW'HWHFWLRQ5DWH¶DQGµ)DOVH$ODUP5DWH¶ZHUH
FKRVHQDVWKHPHDVXUHVRIHIIHFWLYHQHVV02(VRIWKHVHUHJUHVVLRQPRGHOV

,QFLGHQW0RGHOLQJ
7DEOHLOOXVWUDWHVWKHRYHUDOO1(76,0VLPXODWLRQUXQVZLWKLQFLGHQWDQGQRQLQFLGHQWVFHQDULRVHPSOR\HG
LQWKLVVWXG\,QFLGHQWVZHUHLQWURGXFHGDWUDQGRPORFDWLRQVRIODQHRIWKHZHVWERXQGDUWHULDO)LJXUHDWVRPH
VSHFLILF WLPH IRU VRPH VSHFLILF GXUDWLRQV (DFK GHWHFWRU FRYHUV DOO WKH WKUHH ODQH DORQJ LWV OHQJWK SODFHG
SHUSHQGLFXODUO\ WR WKHGLUHFWLRQRIWUDIILFIORZ:KHQDQ\YHKLFOHKLWVRQDQ\GHWHFWRURIDQ\RI WKH WKUHHDUWHULDO
ODQHVWKHFRUUHVSRQGLQJGHWHFWRUFRXQWVWKHQXPEHURIYHKLFOHDVRQHXQLWDQGLWDOVRFDOFXODWHVWKHFRUUHVSRQGLQJ
VSHHGRIWKDWYHKLFOH
)RUVLPSOLFLW\DQGFRQYHQLHQFHRIWKHGDWDH[WUDFWLRQIURPWKHGHWHFWRUVVRPHDVVXPSWLRQVZHUHPDGHLQ
JHQHUDWLQJ LQFLGHQWVFHQDULRV LQ WKH1(76,0VLPXODWLRQ UXQV6XFKDV D WKH LQFLGHQW VWDUWVH[DFWO\ZKHQDQHZ
VLJQDOF\FOHEHJLQVZLWKWKHJUHHQSKDVHRI WKHVXEMHFWDSSURDFKE WKHLQFLGHQWH[DFWO\ WHUPLQDWHVZKHQ WKHODVW
F\FOHWLPH FRPSOHWHV DIWHU VRPH VSHFLILF F\FOHWLPH GXUDWLRQV RI WKH LQFLGHQW7KHVH DVVXPSWLRQVRI WKH LQFLGHQW
VWDUW DQG HQG WLPHPDWFK ZLWK F\FOH WLPH HQDEOH XV WR FDSWXUH WKH UHODWLRQVKLS EHWZHHQ WKH WUDIILF PHDVXUHV RI
LPSRUWDQFHRI WKHGRZQVWUHDPGHWHFWRUGXULQJ WKHJUHHQSKDVH DQG WKH LQFLGHQW VWDWXV LQ WKHSURSRVHGPRGHO ,Q
VXPPDU\ WKHIDFWRUVYDULHGLQ WKHVLPXODWLRQUXQVZHUH$GRZQVWUHDPVLJQDOF\FOH/HQJWK WKHWUDIILFYROXPHV
DQG WKH DSSURDFK OHQJWK WR UHIOHFW GLIIHUHQW QHWZRUN FRQILJXUDWLRQV 'LIIHUHQW LQFLGHQW GXUDWLRQV ZHUH DOVR
FRQVLGHUHGDQGPLQXWHV )RUHDFKRSHUDWLQJFRQILJXUDWLRQDWOHDVWLQFLGHQWVZHUHJHQHUDWHGDWGLIIHUHQW
WLPHVDQGUDQGRPSODFHVRQWKHODQHRIWKHVXEMHFWDUWHULDO7KHPLQLPXPGXUDWLRQRIDZKROHLQFLGHQWZDVWDNHQ
DV PLQXWHV LQWXLWLYHO\ WR UHIOHFW WKH LQFLGHQW DV D ORQJWHUP HYHQW LQ1(76,0%RWK LQFLGHQW DQG QRQLQFLGHQW
VFHQDULRVZHUHUXQIRUWKHVDPHVLPXODWLRQGXUDWLRQDQGZLWKWKHVDPHUDQGRPVHHGVRWKDWWKHFRXQWVVSHHGVDUH
GLUHFWO\FRPSDUDEOH$WWKLVVWDJHRIWKHUHVHDUFKIRUHDFKVSHFLILFOLQNOHQJWKWKHYROXPHVOHYHOVZHUHFKRVHQLQ
VXFK D PDQQHU WKDW QR VSLOORYHU RI WKH OLQN LV KDSSHQLQJ LQ WKH FDVHV RI LQFLGHQWIUHH FRQGLWLRQV EHFDXVH RI
FRQJHVWLRQV
7KH GHWHFWRU SODFHPHQWV DUH NHSW IL[HG QHDU WKH VWRSOLQH GRZQVWUHDP GHWHFWRU DWPLGEORFN SRVLWLRQ
PLGGHWHFWRUDQGDWHQGRIWKHOLQNXSVWUHDPGHWHFWRU7KHYHKLFOHFRPSRVLWLRQLVNHSWIL[HGSULYDWHFDUV
DQGKHDY\YHKLFOHV7KHSHUFHQWDJHVIRUOHIWWKURXJKDQGULJKWWXUQVDWHDFKDSSURDFKZHUHIL[HGDV
DQGUHVSHFWLYHO\7KHRSHUDWLQJVSHHGOLPLWZDVIL[HGDWNPKU
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7DEOH2IIOLQHLQFLGHQWVFHQDULRV
,QSXW6SHFLILFV
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LQFLGHQW
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F\FOH
WLPHV
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
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'DWD$QDO\VLV
7KHDSSURDFKXVHGIRUWKHGDWDDQDO\VLVLVEDVHGRQWKHDVVXPSWLRQWKDWLWLVOLNHO\WKDWWKHWUDIILFPHDVXUHV
H[WUDFWHG IURP GHWHFWRUV RI WKH LQFLGHQWLQGXFHG F\FOHWLPH ZLOO YDU\ IURP WKH FRXQWHU WUDIILF DYHUDJH YDOXHV
PHDVXUHGLQQRLQFLGHQWFDVH7KHSURSRVHGPRGHOLVVXSSRVHGWRGHWHFWWKHLQFLGHQWVWDWXVDWHYHU\F\FOHWLPH7KH
FRQVLGHUHGWUDIILFPHDVXUHVDUHWKHµDFFXPXODWHGGHWHFWRUFRXQWV¶DQGWKHµDYHUDJHGHWHFWRUVSHHGV¶IRUDOOWKHWKUHH
GHWHFWRUV ,W LV WREHQRWHGWKDW WKHVPDOOHVWGDWDH[WUDFWLRQSHULRGLVHTXDO WRWKHJUHHQRUUHGVSOLW WLPHRIWKDW
F\FOH6RDWHYHU\F\FOHWLPH WKHUHDUHIRXUGDWDH[WUDFWLRQSHULRGV)RUWKHXSVWUHDPGHWHFWRUDQGPLGGHWHFWRUV
WKHWUDIILFPHDVXUHVDUHHVWLPDWHGIRUHDFKF\FOHWLPHLHVSOLWSKDVHVE\PDQLSXODWLQJWKHFRUUHVSRQGLQJWUDIILF
PHDVXUHVRYHUWKHIRXUGDWDH[WUDFWLRQSHULRGVRI WKHGHWHFWRUVZLWKLQWKDWF\FOH)RUH[DPSOHWKHDQDO\VLVWLPH
VWHSLHF\FOHWLPHYHKLFOHFRXQWLVHVWLPDWHGE\DFFXPXODWLQJWKHYHKLFXODUFRXQWVUHSRUWHGGXULQJWKHIRXUGDWD
H[WUDFWLRQSHULRGVLHRQHJUHHQSKDVHDQGWKUHHUHGVSOLWSKDVHVZLWKLQWKHVDPHF\FOH 2QWKHRWKHUKDQGWKH
DQDO\VLVWLPHVWHSLHF\FOHWLPHDYHUDJHVSHHGLVHVWLPDWHGDVWKHDYHUDJHRIWKHVSHHGYDOXHVUHSRUWHGGXULQJWKH
IRXUH[WUDFWLRQSHULRGVLHIRXUVSOLWSKDVHV%XWIRUWKHGRZQVWUHDPGHWHFWRUWKHWUDIILFPHDVXUHVRILQWHUHVWGXULQJ
WKHJUHHQSKDVHRQO\ZRXOGEHXVHGDVWKHDQDO\VLVGDWDIRUWKDWF\FOHWLPH,WLVTXLWHUHDVRQDEOHWKDWGXULQJWKHUHG
SKDVHVH[FHSWWKHIURQWOHDGLQJYHKLFOHVQHDUWKH6723OLQHLHQHDUWKHGRZQVWUHDPGHWHFWRUQRRWKHUYHKLFOHV
ZRXOGKLWWKHGRZQGHWHFWRUIURPDOOODQHVGXULQJWKHUHGSKDVHV7DEOHLOOXVWUDWHVWKHXVHGWUDIILFPHDVXUHVLQ
DQDO\VLVDQGLQGHYHORSLQJWKHLQFLGHQWGHWHFWLRQUHJUHVVLRQPRGHOV

7DEOH7UDIILFPHDVXUHVDWHYHU\F\FOHWLPHXVHGLQWKHLQFLGHQWGHWHFWLRQPRGHOV
'HWHFWRU

7UDIILFPHDVXUHVRIWKH
LQFLGHQW
VFHQDULRV
>IRUHDFKDQDO\VLV
WLPHVWHS@
7UDIILFPHDVXUHVRIWKHQR
LQFLGHQW
VFHQDULRV
>IRUHDFKDQDO\VLV
WLPHVWHS@
3DUDPHWHUVWREHXVHGLQWKH
UHJUHVVLRQPRGHOV
DWHDFKF\FOHWLPH
ZKHUHµQ¶LVWKHWRWDO
VLPXODWHGF\FOHWLPHVIRUD
VSHFLILFFRPELQDWLRQ
9HKLFOH
FRXQW
PHDVXUHV
6SHHG
PHDVXUHV
9HKLFOHFRXQW
PHDVXUHV
6SHHG
PHDVXUHV
9HKLFOHFRXQW
PHDVXUHV 6SHHGPHDVXUHV
8SVWUHDP
GHWHFWRU
>GDWDDWHDFK
F\FOH@
7RWDOYHKLFOH
FRXQW
8&

$YHUDJH
VSHHG
86
7RWDO YHKLFOH
FRXQW
&

$YHUDJH
VSHHG
6
GHYLDWLRQ RI
XSVWUHDP
GHWHFWRUFRXQW
Q
&8&; ¦  
GHYLDWLRQ RI
XSVWUHDP
GHWHFWRUVSHHG
Q
686< ¦  
0LGEORFN
GHWHFWRU
>GDWDDWHDFK
F\FOH@
7RWDOYHKLFOH
FRXQW
0&

$YHUDJH
VSHHG
06
7RWDO YHKLFOH
FRXQW
&

$YHUDJH
VSHHG
6
GHYLDWLRQ RI
PLGEORFN
GHWHFWRUFRXQW
Q
&0&; ¦  
GHYLDWLRQ RI
PLGEORFN
GHWHFWRUVSHHG
Q
606< ¦  
'RZQVWUHDP
GHWHFWRU
>GDWDDWHDFK
F\FOH@
7RWDOYHKLFOH
FRXQW
>GXULQJ
JUHHQSKDVH@
'&
$YHUDJH
VSHHG
>GXULQJJUHHQ
SKDVH@
'6
7RWDO YHKLFOH
FRXQW >GXULQJ
JUHHQSKDVH@
&
$YHUDJH
VSHHG
>GXULQJ
JUHHQSKDVH@
6
GHYLDWLRQ RI
GRZQVWUHDP
GHWHFWRUFRXQW
Q
&'&; ¦  
GHYLDWLRQ RI
GRZQVWUHDP
GHWHFWRUVSHHG
Q
6'6< ¦  

'HYHORSPHQWRI,QFLGHQW'HWHFWLRQ0RGHOV
7KLVVHFWLRQKLJKOLJKWVWKHGHYHORSPHQWRIWKHLQFLGHQWGHWHFWLRQPRGHOV $WWKLVVWDJHRIWKHUHVHDUFKLW
ZDVWHVWHGWKDWLIWKHVLPSOHVWIRUPOLNHµJHQHUDOOLQHDUUHJUHVVLRQPRGHO¶FRXOGSUHGLFWWKHLQFLGHQWVWDWXVUDWKHUWKDQ
XVLQJ RWKHU ELQDU\ GLVFUHWH FKRLFH UHJUHVVLRQ IRUPV  7KH FDOLEUDWHG UHJUHVVLRQ PRGHOV FDQ WKHQ EH XVHG IRU
SUHGLFWLQJ LQFLGHQWVWDWXVRID VLQJOH WLPHVWHS ,QGHYHORSLQJ WKH UHJUHVVLRQPRGHO WKH LQGHSHQGHQWYDULDEOHV DV
LQGLFDWHGDERYHLQ7DEOHDUHWKHWUDIILFPHDVXUHVH[WUDFWHGIURPWKHVLPXODWLRQGHWHFWRUV7KHGHSHQGHQWYDULDEOH
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RI WKHUHJUHVVLRQPRGHO LVHLWKHUDQ LQFLGHQWVWDWXV\HVRUDQRUPDOUHFXUUHQWWUDIILFFRQGLWLRQQRLQFLGHQWRID
VLQJOHWLPHVWHS7RLQFUHDVHWKHJRRGQHVVRIILWRIWKHGHYLVHGUHJUHVVLRQPRGHOVWKHWZRELQDU\YDOXHVDQG
ZHUH DYRLGHG 7KH GHSHQGHQW YDULDEOH RI DQ LQFLGHQW VLWXDWLRQ LV DOORFDWHG D YDOXH RI  LQVWHDG RI  DQG
DOORFDWHGDYDOXHRILQVWHDGRIIRUWKHQRLQFLGHQWVLWXDWLRQ,QDSSO\LQJWKHUHJUHVVLRQPRGHOWRSUHGLFWWKH
LQFLGHQWVWDWXVDWKUHVKROGYDOXHLVXWLOL]HG,IWKHHVWLPDWHGGHSHQGHQWYDULDEOHLVKLJKHUWKDWWKHWKUHVKROGYDOXH
VD\DQLQFLGHQWLVLQGLFDWHG$GHSHQGHQWYDULDEOHRIDYDOXHOHVVHUWKDQWKHWKUHVKROGYDOXHLVDQLQGLFDWLRQRI
QRLQFLGHQW7KHWKUHVKROGYDOXHLVFKRVHQWRPD[LPL]HWKHLQFLGHQWGHWHFWLRQUDWHDQGPLQLPL]HIDOVHDODUPV,WZDV
GHWHUPLQHGZLWK LWHUDWLYH DQDO\VHV ,QLWLDOO\ WKH VLPSOH YDOXH RI ZDV VHW DV WKH LQWXLWLYH VHSDUDWLQJ SRLQW
EHWZHHQ LQFLGHQW DQG QRQLQFLGHQW VWDWXV 7KHQ WKLV YDOXHZDV GHFUHDVHG RU LQFUHDVHG E\  XQLW IRU QH[W
LWHUDWLRQXQWLO LW LPSURYHV WKH LQFLGHQWGHWHFWLRQ UDWHDQGNHHS WKHIDOVHDODUPUDWHZLWKLQ,I WKUHVKROGYDOXH
ZHUHFKRVHQWRRVPDOO LW UHVXOWV LQDOPRVWLQFLGHQWGHWHFWLRQVRIDOO LQFLGHQWLQGXFHG WLPHVWHSVDORQJZLWK
H[FHVVLYHKLJKIDOVHDODUPUDWH2QWKHRWKHUKDQGLIWKHWKUHVKROGZHUHFKRVHQWRRKLJKVD\WKHUHZRXOGEH
QRLQFLGHQW WLPH VWHS DQG QR IDOVH DODUP DV ZHOO  7KH DGRSWHG PHDVXUHV RI HIIHFWLYHQHVV RI WKLV PRGHO DUH DV
IROORZV
,QFLGHQW'HWHFWLRQ5DWH7KHSHUFHQWDJHRIWLPHVWHSVWKDWWKHPRGHOSUHGLFWVDVLQFLGHQWLQGXFHGWLPHVWHSVRXWRI
DOOLQFLGHQWLQGXFHGWLPHVWHSV7KHWUXHGHWHFWLRQRILQFLGHQWVWDWXVRIDWLPHVWHSLVGHILQHGDVWKHSUHGLFWLRQRIDQ
LQFLGHQWVWDWXVE\WKHPRGHOZKLOHWKHDVVRFLDWHGWLPHVWHSZDVWUXO\DQLQFLGHQWLQGXFHGVLPXODWHGWLPHVWHS
)DOVH$ODUP5DWH7KHSHUFHQWDJHRIWLPHVWHSVWKDWWKHPRGHOSUHGLFWVDVLQFLGHQWLQGXFHGWLPHVWHSVRXWRIDOO
QRUPDOLQFLGHQWIUHHWLPHVWHSV7KHIDOVHGHWHFWLRQRIDWLPHVWHSLVGHILQHGDVWKHSUHGLFWLRQRIDQLQFLGHQWVWDWXV
E\ WKHPRGHOZKLOH WKH DVVRFLDWHG WLPH VWHSZDV WUXO\ LQFLGHQWIUHH ,W LV WR EH QRWHG WKDW WKH µ$YHUDJH7LPH WR
'HWHFW¶WKHLQFLGHQWVLVWKHWLPHRIRQHDQDO\VLVWLPHVWHSDVWKLVPRGHOGHWHFWVZKHWKHUDQLQGLYLGXDOWLPHVWHSLV
LQFLGHQWLQGXFHGRULQFLGHQWIUHH
7KHIRUPRIOLQHDUHTXDWLRQWKDWZDVWHVWHGWRILWWKHSUHGLFWLQJHTXDWLRQVLV
*HQHUDO/LQHU0RGHO  <<<;;;\ EEEEEEE  
+HUHȕVDUHFRHIILFLHQWVRIWKHDVVRFLDWHGWUDIILFSDUDPHWHU6RPHRWKHUQRWDEOHQRQOLQHDUIRUPVRIHTXDWLRQVZHUH
DOVRWHVWHG+RZHYHULWZDVIRXQGWKDWWKHQRQOLQHDUUHJUHVVLRQHTXDWLRQVKHUHGRQRWLPSURYHWKHPRGHOµJRRGQHVV
RIILW¶DWDOODVFRPSDUHGWRWKHJHQHUDOOLQHDUDGGLWLYHPRGHO6RWKHJHQHUDODGGLWLYHOLQHDUUHJUHVVLRQHTXDWLRQZDV
DGRSWHGDV WKH VXLWDEOH UHJUHVVLRQPRGHOVRIDU7KH5YDOXHVRI WKH UHJUHVVLRQ HTXDWLRQV UDQJHEHWZHHQ WR
'XH WR WKH XQDFFHSWDEOH5 YDOXHV WKH JRRGQHVV RI ILW LV SDUWLFXODUO\ MXGJHG E\ WKH YDOXHV RI WKH LQFLGHQW
GHWHFWLRQUDWHDQGWKHIDOVHDODUPV

5HVXOWV
7KHDQDO\VLVRIYDULDQFH WHVWV UHYHDOHG WKDW DOO WKH WUDIILFSDUDPHWHUVRI;;;<< DQG<ZHUH
IRXQGVLJQLILFDQWRUVOLJKWO\VLJQLILFDQWLQSUHGLFWLQJWKHUHVSRQVHLQFLGHQWVWDWXV
ϭ ϯ ϱ ϳ ϵ ϭϭ ϭϯ ϭϱ ϭϳ ϭϵ Ϯϭ Ϯϯ Ϯϱ Ϯϳ Ϯϵ ϯϭ ϯϯ ϯϱ ϯϳ ϯϵ ϰϭ ϰϯ ϰϱ ϰϳ ϰϵ ϱϭ ϱϯ ϱϱ ϱϳ ϱϵ ϲϭ ϲϯ ϲϱ ϲϳ ϲϵ ϳϭ ϳϯ ϳϱ ϳϳ ϳϵ ϴϭ
$QDO\VLV7LPH6WHS &\FOH7LPH
1RUPDO7LPH6WHSZLWK)DOVH
,QFLGHQW
7LPH6WHSZLWK,QFLGHQW
'HWHFWHG&RUUHFWO\
7LPH6WHSZLWK,QFLGHQW
)LJ$W\SLFDORXWFRPHRIWKHLQFLGHQWVWDWXV
)LJXUHGLVSOD\VDW\SLFDORXWFRPHRIWKHLQFLGHQWGHWHFWLRQPRGHOIRUHDFKWLPHVWHSIRUWKHFDVHRIVHFF\FOH
WLPHP OLQN OHQJWKDQGYHKKU+HUH WKHEODQN WLPHVWHSPHDQVFRUUHFWO\GHWHFWHGQRUPDO LQFLGHQWIUHH
F\FOHWLPHGXUDWLRQ7DEOHLQFOXGHVWKHRYHUDOOWKUHVKROGEDVHGUHJUHVVLRQPRGHOVZLWKDVVRFLDWHGFRHIILFLHQWVRI
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
HDFKVSHFLILFRSHUDWLQJFRQILJXUDWLRQ,WLVWREHQRWHGWKDWWKHWKUHVKROGZHUHIRXQGZLWKLQWKHUDQJHRIWR
7KHGHWHFWLRQUDWHVUDQJHIURPWRZKLOHWKHIDOVHDODUPUDWHVUDQJHIURPWR

7DEOH(IIHFWLYHQHVVRIUHJUHVVLRQEDVHGLQFLGHQWGHWHFWLRQPRGHOV
&\FOH
WLPH

/LQN
OHQJWK
P
9HK
KU
&RHIILFLHQWVRIUHJUHVVLRQPRGHOV
7KUH
VKRO
G
YDOX
H
,QFLG
HQW
GHWHF
WLRQ
UDWH

)DOVH
DODUP
UDWH

ȕ ȕ ȕ ȕ ȕ ȕ ȕ

VHF
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,W LV DSSDUHQW WKDW WKH LQFLGHQW GHWHFWLRQ UDWH LV ORZHU IRU WKH FDVHV RI ORZ WUDIILF YROXPHV 
YHKLFOHVKRXU$WORZWUDIILFYROXPHVWKHUHLVQRVLJQLILFDQWLPSDFWRQWKHGHWHFWRUUHDGLQJVRUWKHDGRSWHGWUDIILF
PHDVXUHV(YHQZLWKORQJLQFLGHQWGXUDWLRQVYHKLFOHVFRXOGHDVLO\E\SDVVWKHEORFNHGODQHWKURXJKRWKHUIUHHODQHV
7KLVUHODWLYHO\ORZHUWUDIILFYROXPHDOVRHPHUJHVZLWKKLJKIDOVHDODUPUDWHV7KLVOLPLWDWLRQORZGHWHFWLRQUDWHVDW
ORZWUDIILFYROXPHVLVTXLWHVLPLODUWRWKDWRIWKHIUHHZD\LQFLGHQWGHWHFWLRQPRGHOV$WVXFKORZWUDIILFYROXPHV
RQHPD\DUJXHWKDWWUDIILFFRQWUROFHQWUHGRHVQRWQHFHVVDULO\KDYHWRUHVSRQGE\FRQWURODGMXVWPHQWVDVWKHLQFLGHQW
GRHVQRWLPSDFWWKHWUDIILFIORZVLJQLILFDQWO\
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)URPWKHVHQVLWLYLW\DQDO\VHVRIWKHQXPHULFDOYDOXHVRIWKHUHJUHVVLRQFRHIILFLHQWVLQ7DEOHLWZDVIRXQG
WKDWȕLVVLJQLILFDQWO\VHQVLWLYHWRERWKF\FOHWLPHDQGYROXPHYDULDWLRQVȕȕDQGȕDUHVLJQLILFDQWO\VHQVLWLYHWR
YROXPHYDULDWLRQVRQO\ȕȕDQGȕDUHQRWVLJQLILFDQWO\VHQVLWLYHWRWKHF\FOHWLPHOLQNOHQJWKDQGWUDIILFYROXPH
YDULDWLRQV7KLVLPSOLHVDJRRGSRWHQWLDOWRFRPHXSZLWKVRPHJHQHUDOUHJUHVVLRQPRGHOVLUUHVSHFWLYHRIDQ\ OLQN
OHQJWK YDULDWLRQV $OVR WKH WKUHVKROG YDOXHV DUH VLJQLILFDQWO\ VHQVLWLYH WR ERWK RI WKH F\FOH WLPH DQG YROXPH
YDULDWLRQV
9DOLGDWLRQ7HVWV
$QRWKHU VHW RI PRGHOV ZHUH GHYHORSHG WR YDOLGDWH WKH GHYHORSHG WKUHVKROGEDVHG LQFLGHQW GHWHFWLRQ PRGHOV DV
LQGLFDWHGKHUHDIWHU
9DOLGDWLRQ
7RYDOLGDWHWKHPRGHOVDQRWKHUVHWRI LQFLGHQWVFHQDULRVZDVPRGHOHGZLWK1(76,0 7KHVHYDOLGDWLRQVFHQDULRV
DUHGLIIHUHQWIURPWKRVHXVHGWRFDOLEUDWHWKHPRGHOV,QWKHYDOLGDWLRQVFHQDULRVWKHLQFLGHQWGXUDWLRQZDVNHSWDV
WLPHVWHSVIRUDOOF\FOHWLPHV7KHLQFLGHQWVVWDUWLQJDQGHQGLQJWLPHVWHSVDUHDQGUHVSHFWLYHO\7KHLQFLGHQW
GXUDWLRQVDUHDQGVHFRQGVIRUWKHF\FOHWLPHVRIDQGVHFRQGVUHVSHFWLYHO\7KHLQFLGHQWV
ZHUHJHQHUDWHGQRWRQO\RQODQHRQO\EXWDOVRRQODQH)LJXUHIRUDURXQGKDOIRIWKHVFHQDULRVWRUHIOHFWD
VLJQLILFDQWFKDQJHLQLQFLGHQWRFFXUUHQFHV6RPHRIWKH/DQHLQFLGHQWVZHUHJHQHUDWHGDORQJZLWKKRXUO\WUDIILF
YROXPHVRIDQGYHKKUIRUDOOOLQNOHQJWKVDQGF\FOHWLPHRIVHFRQGV6RPHRWKHU/DQHLQFLGHQWVZHUH
JHQHUDWHG DORQJ ZLWK KRXUO\ WUDIILF YROXPHV RI  DQG  YHKKU IRU DOO OLQN OHQJWKV DQG F\FOH WLPH RI 
VHFRQGV$OVR/DQH LQFLGHQWVZHUHJHQHUDWHG DORQJZLWKKRXUO\ WUDIILFYROXPHVRIDQGYHKKU IRUDOO
OLQNOHQJWKVDQGF\FOHWLPHRIVHFRQGV,QJHQHUDOWKHYDOLGDWLRQVFHQDULRVUHIOHFWGLIIHUHQWVHWWLQJVRILQFLGHQW
VWDUWLQJWLPHVLQFLGHQWGXUDWLRQVORFDWLRQVDQGLQFLGHQWEORFNLQJODQHVIURPWKHRULJLQDOPRGHOVWKDWZHUHXVHGWR
GHYHORS WKH UHJUHVVLRQPRGHOV7KHVHGLIIHUHQW VHWWLQJVRI WKH LQSXWVDOVR UHIOHFW VRPHVRUWRI UREXVWQHVVRI WKHVH
PRGHOV
7KHGHYHORSHGUHJUHVVLRQPRGHOVOLVWHGLQ7DEOHZHUHXVHGWRSUHGLFWWKHLQFLGHQWVWDWXVXVLQJWKHGDWD
RIWKHYDOLGDWLRQVFHQDULRV7KHUHVXOWVLQGLFDWHWKDWDOOWKH/DQHRSHUDWLQJFRQILJXUDWLRQVHPHUJHGZLWKDQDYHUDJH
GHWHFWLRQUDWHRIVWDQGDUGGHYLDWLRQDQGDQDYHUDJHIDOVHDODUPUDWHRIVWDQGDUGGHYLDWLRQ
/DQHYDOLGDWLRQVFHQDULRVGDWDUHVXOWHGLQDYHUDJHLQFLGHQWGHWHFWLRQUDWHVWDQGDUGGHYLDWLRQDQG
DYHUDJHIDOVHDODUPUDWHVWDQGDUGGHYLDWLRQ7KHORZHUGHWHFWLRQUDWHVRIOHVVWKDQZHUHIRXQGZLWKORZ
WUDIILFKRXUO\YROXPHVXSWRYHKLFOHVKRXU([FHSWIRUIHZFDVHVWKHIDOVHDODUPUDWHVDUHZLWKLQDFFHSWDEOH
OLPLWV$VWKHKRXUO\WUDIILFYROXPHLVWKHPRVWVLJQLILFDQWLQIOXHQFLQJIDFWRUVIRUWKHFRHIILFLHQWVRIWKHUHJUHVVLRQ
PRGHOVLQ7DEOHVRPHYROXPHZLVHJHQHUDOL]HGUHJUHVVLRQPRGHOVZHUHIXUWKHUGHYHORSHG7KHVHPRGHOVFDQEH
XVHG IRU SUHGLFWLQJ WKH LQFLGHQW VWDWXV LUUHVSHFWLYH RI WKH F\FOHWLPH DQG WKH OLQN OHQJWK 7KH YROXPHZLVH
JHQHUDOL]HGPRGHOVZHUHGHULYHGE\DYHUDJLQJ WKHFRUUHVSRQGLQJFRHIILFLHQWV DQG WKH WKUHVKROGVRI WKHPRGHOV LQ
7DEOH
YHKKUWKUHVKROG
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,QDSSO\LQJWKHJHQHUDOL]HGPRGHOVHTXDWLRQVWKURXJKXVLQJWKHGDWDRIWKHYDOLGDWLRQVFHQDULRVWKH
/DQH LQFLGHQWV VFHQDULRV UHVXOWHG LQ  DYHUDJH LQFLGHQW GHWHFWLRQ UDWH VWDQGDUG GHYLDWLRQ  DQG 
DYHUDJH IDOVH DODUP UDWH VWDQGDUG GHYLDWLRQ  /DQH LQFLGHQWV VFHQDULRV UHVXOWHG LQ  DYHUDJH LQFLGHQW
GHWHFWLRQ UDWH VWDQGDUGGHYLDWLRQDQGRI DYHUDJH IDOVH DODUP UDWH VWDQGDUGGHYLDWLRQ7RDJUHDW
H[WHQWWKHJHQHUDOL]HGPRGHOVFRQIRUPWRVLPLODUUHVXOWVDVRIWKHRULJLQDOLQFLGHQWSUHGLFWLRQPRGHOV
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